ABSTRACT Adults of the rice water weevil, Lissorhoptrus oryzophilus Kuschel (Coleoptera: Curculionidae), were collected from three sources: 1) overwintering sites near rice, Oryza sativa L.; 2) a light trap placed in grassy vegetation and fallow Þelds; and 3) ßooded rice plots near Beaumont, TX, from mid-April to late May 2005. Their color morph and reproductive status were surveyed. Frequency of the dark morph (36.0, 45.8, and 31.6% at each collection source, respectively) was signiÞcantly lower than that of the light morph (64.0, 54.2, and 68.4% respectively). Dark males accounted for only 3.5Ð7.4% of the populations, signiÞcantly less abundant than light males (28.8 Ð32.0%) in each collection source. The morph frequency changed signiÞcantly with season in females, but not in males. Female-biased sex ratios were observed with the proportion of females to males being 1.5, 2.1, and 1.9 at each collection source, respectively. In most collections, ovarian development and mating status were similar between the females of different morphs, suggesting that elytral morph in this weevil might not be related to female reproductive development.
from three sources: 1) overwintering sites near rice, 2) a light trap placed in grassy vegetation and fallow Þelds, and 3) ßooded rice plots.
Adults from overwintering sites near rice were obtained by collecting clumps of grassy vegetation with adult feeding scars and surrounding ground litter located on ditch banks or fallow margins adjacent to rice Þelds. The clumps and litter were brought to the laboratory and gently sifted through an aluminum sieve with 3-mm-diameter holes. Material passing through the sieve was exposed to sunlight or ßuorescent light to activate adults for collection.
Adults were collected in three rice plots, which were seeded on 13 March, 8 April, and 19 April, respectively, and ßooded on 20 April, 14 May, and 23 May, respectively. Adults were collected by hand in the Þrst plot from late April to late May and in the second and third plots in late May, from 1730 to 1930 hours when found in abundance on rice leaves.
The light trap was equipped with a 22-W circular lamp (Sylvania FC8T9/350BL/RS) and was placed near grassy vegetation and fallow Þelds, which were overwintering sites with large numbers of adult weevils. The trap was operated from 1800 to 0800 h daily from late April through late May.
Frequency of Color Morphs. The elytral morph of collected adults was determined using a binocular dissecting microscope to view the color of the central pattern on the elytra. Adults with the black pattern were sorted as dark morphs, whereas those with the gray pattern were sorted as light morphs (Fig. 1 ). Sexes were separated based on the morphology of the ventral abdomen (Everett and Newsom 1964) . The number of individuals in each morph and sex was recorded.
Ovarian Developmental Stage. Female weevils were placed in a 50-mm petri dish (a small area at the bottom was coated black for easier observation of color and shape of ventral abdomen) containing a thin layer of saline (9.0 g of NaCl, 0.2 g of KCl, 0.2 g of CaCl 2 , and 4.0 g of sucrose per liter), and the elytra were removed under the microscope. The dorsal abdomen was opened with scissors, and ovaries were exposed by grasping the tip of the abdomen with Þne forceps and gently pulling the reproductive organs posteriad until free from other tissues. Ovaries were examined and their developmental stage was assessed using the following age-grading system (Zhai et al. 1999 For females collected from overwintering sites and the light trap, mature eggs in ovarioles and calyxes were counted, and the number of individuals bearing mature eggs was recorded.
Mating Status. To determine the mating status of collected females, the appearance of their spermathecal sac was observed under the dissecting microscope. We found that spermathecal sacs of successfully mated females contained spermatozoa and looked opaque, white, or pale inside ( Fig. 2A) , whereas spermathecal sacs of unmated females were brown, translucent and lustrous (Fig. 2B) . The number and percentage of mated females was determined.
Data Analyses. Adults collected during mid-April, late April, early May, mid-May, and late May were pooled separately within each of the three collection sources. Chi-square tests were conducted to compare the frequency of the two morphs and their ovarian developmental stage, the percentage of mated females, the percentage of females bearing mature eggs, and the frequency of the two sexes. Chi-square tests also were conducted to observe seasonal changes of the morph frequency (SPSS Inc. 1999). 
Results
In total, 1,003, 5,820, and 1,301 adults were collected from overwintering sites near rice; a light trap placed in grassy vegetation and fallows Þelds; and ßooded rice plots, respectively.
The frequency of dark and light morphs was similar among females at overwintering sites. SigniÞcantly (P Ͻ 0.05) more dark females were found in light trap compared with light females, and an opposite pattern was observed in rice plots (Tables 1 and 2 ). Dark males accounted for only 3.5Ð7.4% of the populations, signiÞcantly (P Ͻ 0.05) less abundant than light males (28.8 Ð32.0%) in each collection source. The morph frequency changed signiÞcantly (P Ͻ 0.05) with season in females, but not in males (Tables 1 and 2) . Regardless of sex, frequency of the dark morph (36.0, 45.8, and 31.6% at each collection source, respectively) was signiÞcantly (P Ͻ 0.05) lower than that of the light morph (64.0, 54.2, and 68.4%, respectively), and the morph frequency varied signiÞcantly (P Ͻ 0.05) over time (Tables 1 and 2 ; Fig. 3 ).
The average sex ratio (proportion of females to males) of adults from each collection source was 1.5, 2.1, and 1.9, respectively. SigniÞcantly more females than males were trapped in each collection source (overwintering sites: 2 ϭ 45.233, df ϭ 1, P Ͻ 0.001; light trap: 2 ϭ 705.271, df ϭ 1, P Ͻ 0.001; and rice plots: 2 ϭ 128.579, df ϭ 1, P Ͻ 0.001). At all collection sites, ovarian developmental stage and mating status were similar between dark and light females collected on the same date (Tables 3, 4 , and 6). The percentage of individuals bearing mature eggs (Tables 5 and 6 ).
Discussion
IntraspeciÞc color polymorphism can result from several environmental factors, including food type, temperature, humidity, or various combinations, but genetic control also is a possibility (Verdyck et al. 1996) . None of these factors have been examined for their contribution to the formation of dimorphisms in L. oryzophilus. Because there were relatively few individuals that had other colors except dark or gray (M.X.J., unpublished data), we speculate that dimorphisms in this weevil would be little affected by environment and primarily under genetic control.
In the current study, dark males of L. oryzophilus accounted for only 3.5Ð7.4% of the collected samples, with densities much less abundant than light males (28.8 Ð32.0%). In other beetles, low frequencies of a certain elytral morph also have been observed, and possible mechanisms by which the morph exhibited low frequencies were investigated. For example, in the leaf beetle, Chrysophtharta agricola (Chapuis) (Coleoptera: Chrysomelidae), the dark elytral morph was rare in Tasmania, Australia, representing Ͻ3% of the collected beetles (Nahrung and Allen 2005) . The authors hypothesized that a black mutation representing 3% of the population may have occurred, and being neither advantageous nor deleterious, this mutation has remained at that level. They also proposed an alternative hypothesis in which, at the time of its appearance, or at sometime in the past, the black morph may have held a selective advantage over the normal morph and was selected over a number of generations to attain 3% of the population before the advantage was lost. To explore mechanisms responsible for the low frequency of dark males in L. oryzo- philus, crossing tests between the two morphs are to be conducted, and the differences in their Þtness are to be detected by comparing the ecological and physiological characteristics. The similarity of the mating status and the ovarian development between dark and light females suggests that elytral dimorphism in L. oryzophilus may not be related to female reproductive development. However, another laboratory study showed that dark females tended to develop slower than light females (all females were collected from overwintering sites on 20 Ð23 April and mated with light males for 2 d; M.X.J., unpublished data). Thus, further studies are needed on this weevil before relationships between dimorphism and reproductive performance can be thoroughly understood. Asterisk following P values indicates signiÞcant difference between the tested groups. *, P Ͻ 0.05; and **, P Ͻ 0.01.
